Abstract. Thousands of long noncoding RNAs (lncRNAs) have been reported and represent an important subset of pervasive genes associated with a broad range of biological functions. Abnormal expression levels of lncRNAs have been demonstrated in multiple types of human disease. However, the role of lncRNAs in systemic lupus erythematosus (SLE) remains poorly understood. In the present study, the expression patterns of lncRNAs and messenger RNAs (mRNAs) were investigated in peripheral blood mononuclear cells (PBMCs) in SLE using Human lncRNA Array v3.0 (8x60 K; Arraystar, Inc., Rockville, MD, USA). The microarray results indicated that 8,868 lncRNAs (3,657 upregulated and 5, 211 down regulated) and 6,876 mRNAs (2,862 upregulated and 4,014 downregulated) were highly differentially expressed in SLE samples compared with the healthy group. Gene ontology (GO) analysis of lncRNA target prediction indicated the presence of 474 matched lncRNA-mRNA pairs for 293 differentially expressed lncRNAs (fold change, ≥3.0) and 381 differentially expressed mRNAs (fold change, ≥3.0). The most enriched pathways were 'Transcriptional misregulation in cancer' and 'Valine, leucine and isoleucine degradation'. Furthermore, reverse transcription-quantitative polymerase chain reaction data verified six abnormal lncRNAs and mRNAs in SLE. The results indicate that the lncRNA expression profile in SLE was significantly changed. In addition, a range of SLE-associated lncRNAs were identified. Thus, the present results provide important insights regarding lncRNAs in the pathogenesis of SLE.
Introduction
System ic lupus er ythematosus (SLE), a complex autoimmune disease, is characterized by multiple immunologic abnormalities. It has previously been reported that ~7.4-159.4/100,000 people suffer from SLE worldwide, and SLE predominantly affects women of childbearing age (1) (2) (3) . The presence of high titres of autoantibodies against nuclear components, elevated circulating immune complexes and complement deficiency are the predominant characteristics of the disease. The etiology of SLE is incompletely understood; however, genetic factors are important in the susceptibility to the disease.
Long noncoding RNAs (lncRNAs) are transcript RNA molecules, longer than 200 nucleotides, which do not encode a protein and reside in the nucleus or cytoplasm (4) . lncRNAs are classified by their position relative to protein-coding messenger RNAs (mRNAs), and comprise the long intergenic ncRNA (lincRNA), intronic lncRNA, antisense lncRNA, transcribed pseudogene lncRNAs and enhancer RNA (eRNA). Although dysregulation of lncRNA expression has been characterized predominantly in cancer, it has recently been evaluated in autoimmune diseases, such as autoimmune thyroid disease (AITD) and rheumatoid arthritis (RA) (5, 6) . Specifically, lncRNAs have been proposed as a regulator of immune response (7) (8) (9) and contribute to the inflammatory response (10) (11) (12) (13) . Thus, it is hypothesized that lncRNAs, in combination with mRNAs, are also involved in the germination and development of SLE. However, until now, knowledge regarding the possible association between abnormal lncRNAs and SLE remains limited.
In the present study, integrative lncRNA-mRNA microarray analysis was performed to determine the expression profiles of lncRNAs in SLE samples and normal samples. In addition, three lncRNAs and three mRNAs were confirmed using reverse transcription-quantitative polymerase chain reaction (RT-qPCR). Gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis were used to predict the function and signaling pathways affected by the differentially expressed mRNAs, which were target genes of aberrantly RT-qPCR assay. The expression levels of differentially expressed lncRNAs and mRNAs were confirmed by RT-qPCR. Briefly, total RNA was extracted from PBMCs using TRIzol reagent (Sigma-Aldrich; Merck KGaA), and 5 µg samples were used for the synthesis of first strand cDNA using a PrimeScript TM RT Reagent kit (Takara Biotechnology Co., Ltd., Dalian, China) according to the manufacturer's protocol. The RT reaction was performed in a 10 µl reaction containing 5X PrimeScript TM Buffer, 1 µl RT specific primer, 0.5 µl PrimeScript TM RT Enzyme Mix and 5 µg of total RNA. The RT assay was set at an initial denaturation step at 37˚C for 15 min, followed by 85˚C for 5 sec. Following first strand cDNA synthesis, the PCR reaction was performed in a 10 µl reaction containing 1X SYBR-Green PCR Master mix (Takara Biotechnology Co., Ltd.), 0.4 µM of each specific forward and reverse primer and 0.5 µl of cDNA template. The PCR assay was set at an initial denaturation step at 95˚C for 5 min, followed by 40 cycles of 95˚C for 15 sec and 60˚C for 1 min with an ABI 7500 Real-time PCR System (Applied Biosystems; Thermo Fisher Scientific, Inc.). The primers are detailed in Table I . Gene expression levels were normalized to GAPDH in cDNA samples, and all experiments were performed in triplicate. The relative expression levels of the genes were determined using the ∆Cq method, where ∆Cq=Cq median gene-Cq median GAPDH (15, 16) .
Statistical analysis. Data are presented as mean ± standard deviation. The Mann-Whitney test or Student's t-test was used to perform statistical analysis. P<0.05 was considered to indicate a statistically significant difference.
Results
Aberrant lncRNA expression in PBMCs of SLE. To investigate the possible biological functions of lncRNAs in SLE, the lncRNA and mRNA expression profiles were estimated in PBMCs of SLE using microarray analysis ( Figs. 1 and 2 ). The expression profiles of 8,868 (28.9%) lncRNAs indicated that they were differentially expressed (more than two-fold) between two groups (data no shown). Among these, 3,657 were upregulated while 5,211 were downregulated in the SLE group, compared with those in the healthy group. The most significantly deregulated lncRNAs were ENST00000523884 (fold change up, 303.1127021) and ENST00000559539 (fold change down, 4868.2903529).
Aberrant mRNA expression in PBMCs of SLE. To evaluate the involvement of lncRNAs in transcriptional, epigenetic or posttranscriptional regulation of gene expression, the expression levels of potential target mRNAs of the differentially expressed lncRNA data were predicted. In total, compared with the healthy group, 6,876 mRNAs (2,862 upregulated and 4,014 downregulated) were identified to be differentially expressed (P<0.05). The most markedly deregulated Figure 1 . Box plots and scatter plots demonstrating the variation in lncRNA and mRNA expression levels between the SLE and healthy group arrays. Box plots representing the distribution of the (A) lncRNA and (B) mRNA profiles. Following normalization, the distributions of the log2-ratios among the tested samples were nearly the same. The scatter plots of (C) lncRNA and (D) mRNA assess the variation between the SLE and healthy group arrays. The x-and y-axes in the scatter plot represent the normalized signal values of each group (log2 scale). The lncRNAs and mRNAs above the top green line and below the bottom green line are those with a two-fold change in expression between groups. lncRNA, long none-coding RNA; mRNA, messenger RNA; SLE, systemic lupus erythematosus. mRNAs were thyroglobulin (fold change up, 329.7330982) and potassium calcium-activated channel subfamily M regulatory beta subunit 3 (fold change down, 5246.5342205).
lncRNA classification and subgroup analysis. According to previous reports, lncRNAs are classified into different subgroups, such as lncRNAs with enhancer-like function (lncRNA-a), antisense lncRNA and lincRNAs (17) . Previous studies demonstrated that subgroups, such as lincRNA and enhancer-like lncRNAs are involved in numerous types of disease (18, 19) . lncRNA-a were identified using GENCODE annotation (16) . Further analysis was performed in the current study by classifying and stratifying the lncRNAs into the aforementioned subgroups (17) . A total of 847 enhancer-like lncRNAs were identified to be significantly differentially expressed (fold change ≥2.0; P<0.05, data not shown), among which 430 lncRNAs were upregulated and 417 were downregulated in the SLE group, compared with the healthy group. The expression profiles of 1,911 lincRNAs (1,225 of which were upregulated) indicated that they were significantly differentially expressed (fold change ≥2.0; P<0.05, data not shown) between the SLE and healthy groups. Among these, 1,225 were upregulated and 686 were downregulated. It was also identified in antisense lncRNA profiling that 449 antisense lncRNAs (147 upregulated and 302 downregulated) were differentially expressed (fold change ≥2.0; P<0.05, data not shown) between the groups. In addition, certain nearby coding genes may be regulated by these subgroup lncRNAs. Furthermore, 474 matched lncRNA-mRNA pairs were identified for 293 differentially expressed lncRNAs (fold change ≥3.0) and 381 differentially expressed mRNAs (fold change ≥3.0). Among them, 310 pairs were differentially expressed unidirectionally (up or down), while 164 pairs were differentially expressed bidirectionally.
GO and KEGG signaling pathway analysis. Through GO analysis, the downregulated and upregulated transcripts of lncRNAs were identified to be associated with biological processes, cellular components and molecular function. Additionally, the differentially expressed mRNAs between the SLE and healthy groups were significantly enriched in the cellular macromolecule metabolic process, intracellular part, nucleic acid binding, single-multicellular organism process, cell periphery and sequence-specific DNA binding, amongst others (data no shown). Using the latest version of the KEGG database, KEGG pathway analysis was performed to evaluate differentially expressed mRNAs. Pathway analysis determined that these lncRNAs may target 65 gene pathways, including 26 upregulated pathways, for example, 'Transcriptional misregulation in cancer' and 39 downregulated pathways, for example, 'Valine, leucine and isoleucine degradation' (Fig. 3) .
RT-qPCR validation.
In order to verify the reliability of the microarray data, a number of interesting candidate lncRNAs (AK130076.1, CTC-471J1.2 and RP11-875O11.1) and mRNAs [peptidoglycan recognition protein 1 (PGLYRP1), programmed cell death 4 (PDCD4) and phosphatase and tensin homolog (PTEN)] were initially identified for further analysis. The expression levels of these lncRNAs and mRNAs were confirmed by RT-qPCR. The primers are presented in Table I . For the lncRNAs, the results demonstrated that RP11-875O11.1 were upregulated and that CTC-471J1.2 were downregulated in 17 SLE patients relative to the healthy group (all P<0.05; Fig. 4B and C) . The expression level of AK130076.1 was not significantly different between SLE patients and healthy control subjects (P>0.05; Fig. 4A ). For the mRNAs, the RT-qPCR analysis indicated that the expression levels of PGLYRP1, PDCD4 and PTEN changed significantly between the two groups (P<0.05 for each mRNA; Fig. 4) . The results demonstrated that the expression level patterns of RP11-875O11.1, CTC-471J1.2, PGLYRP1, PDCD4 and PTEN were consistent with those obtained by microarray analysis.
Discussion
SLE, an autoimmune disease, is characterized by aberrant lymphocyte activation. It has a prevalence of 40 cases per 100,000 individuals, with onset typically occurring in women of childbearing age (female:male ratio, 9:1) (20) . Current treatment strategies using immunosuppressive drugs and other medications for SLE are effective at reducing morbidity and mortality, but fail to effectively cure the disease (21) . However, the pathogenic mechanisms underlying SLE remain largely unknown; therefore, further investigations of SLE are considered to be of great importance.
Evidence from previous research indicated the aberrant expression of lncRNAs in the pathogenesis of SLE (22, 23) ; however, fewer studies have examined the expression profile of lncRNAs in SLE. PBMCs, which include numerous immune cells, are key in host defense, and are used to identify novel disease mediators, disease variants and treatment responses (24) (25) (26) . PBMCs have been used to discriminate the differences in non-coding RNA (microRNAs) profiles in SLE using microarray technology (27, 28) . Therefore, in an attempt to obtain the expression pattern of lncRNAs in SLE, lncRNA microarray technology was used to investigate the lncRNA signatures of 10 SLE patients.
In the present study, a number of differentially expressed mRNAs and lncRNAs were detected in PBMCs of SLE patients to investigate the potential functions of lncRNAs in its pathogenesis. A total of 8,868 lncRNAs (3,657 upregulated and 5,211 downregulated) and 6,876 mRNAs (2,862 upregulated Figure 4 . Relative expression levels of lncRNA and mRNA in SLE patients and healthy controls determined by reverse transcription-quantitative polymerase chain reaction. (A) AK130076.1 tends to be downregulated in SLE patients when compared with the healthy group, although the difference was not statistically significant (P= 0.23). (B) CTC-471J1.2 was found to be significantly downregulated in SLE patients (P= 0.011). (C) RP11-875O11.1 was found to be significantly upregulated in SLE patients (P= 0.0014). (D) PGLYRP1 was found to be significantly upregulated in SLE patients (P<0.00010). (E) PDCD4 was found to be significantly downregulated in SLE patients (P= 0.0059). (F) PTEN was found to be significantly downregulated in SLE patients (P= 0.032). The expression levels of lncRNAs and mRNA were normalized against GAPDH, which served an internal control. The relative expression levels of the genes were calculated using the ΔCq method. and 4,014 downregulated) were significantly expressed in the SLE group compared with the healthy group. lncRNAs include lincRNAs, intronic lncRNAs, antisense lncRNAs, transcribed pseudogene lncRNAs and eRNAs. lncRNAs function via a variety of mechanisms; however, a common and important function of lncRNAs is to alter nearby encoding gene expression by affecting the process of transcription (29) or directly performing an enhancer-like role (17, 30) . Wu et al (22) demonstrated that lincRNAs were associated with the pathogenesis of SLE. Furthermore, the results demonstrated that enhancer-like lncRNAs (430 upregulated and 417 downregulated), lincRNAs (1,225 upregulated and 686 downregulated) and antisense lncRNAs (147 upregulated and 302 downregulated) were aberrantly expressed. In addition, results from microarray analysis revealed that these subgroup lncRNAs regulate certain nearby coding genes.
To investigate the potential regulatory roles of lncRNAs, GO category and KEGG pathway annotation were used to analyze the target gene pool. GO and KEGG pathway analyses demonstrated that downregulated and upregulated transcripts of lncRNAs were associated with biological process, cellular components and molecular function, which were associated with 65 gene pathways that corresponded to transcripts, for example, 'Cytokine-cytokine receptor interaction', 'TNF signaling pathway', 'MAPK signaling pathway' and 'NF-κB signaling pathways', which indicated that the pathology of SLE is predominantly associated with the regulation of multiple genes. Furthermore, these pathways are associated with the initiation and development of SLE (31, 32) .
Subsequently, six altered lncRNAs and mRNAs were selected, and their expression levels and the microarray results were assessed via RT-qPCR. The change in mRNA expression level was confirmed to be concordant with the microarray data, while the expression tendency of lncRNA demonstrated a similar trend, although it was not exactly the same. This may be due to the heterogeneity of SLE, differing sample sizes and variation in the sensitivity of the methods performed. Generally, the data from microarray analysis requires confirmation by RT-qPCR, which is considered to be more accurate.
In conclusion, lncRNA and mRNA expression levels were analyzed in PBMCs from SLE samples using microarrays, which revealed a novel and interesting foundation for improving the understanding of the association between lncRNA homeostasis in PBMCs and SLE. However, the findings described in the present study represent a starting point for the investigation of lncRNAs in SLE. Further investigations are required to evaluate the signaling pathways identified in the GO and KEGG analyzes with regard to their role in the development and progression of SLE.
